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PREFACE

The durability of asphaltic materials has been studied by
the Organic Materials Section of the Division of Building
Research and others for several years. Asphalt is one of the
oldest engineering materials and since it is extensively used
throughout the world it is also the subject of research by dif­
ferent organizations. This technical translation is a report
of the work undertaken on this study in Japan. This report
contains the results of the work of several research organiza­
tions after a ｳｩｸｾｹ･｡ｲ cooperative research programme under the
direction of Prof. Hamada of Tokyo University.

The results are divided into five sections, a general
summary, and results of natural exposure, accelerated exposure,
chemical resistance and freeze-thaw tests. Included in these
are some interesting correlating studies between natural and
accelerated weathering and between durability and the chemical
and physical properties of the asphalts.

The Division of Building Research is grateful to Mrs.
H.J. Kondo for her work in making this translation.

Ottawa

August 1964

R.F. Legget

Director
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DURABILrrY OF ASPHALTIC MATERIALS

PART 1

Structural Asphalt Research Committee

Chief Researcher: Full member M. Hamada*

Co-Researcher: Full member K. Kishitani**

and 16 others***

1. Introduction

Asphalt and its products are widely used in various parts of buildings

for waterproofing, vapour-proofing and for resistance to chemicals. However,

there ha'a been little research on the durability of asphalt, and there is still

much to be learned about the qualities and properties that contribute to this

characteristic. Recently research has been carried out at various places on

asphalt products (e.g. roofing, felt) and results are forthcoming. Investiga­

tions on the durability of asphalt, however, require many years' work by an

organized research committee. The present committee was formed by a number of

investigators concerned with asphalt products and has been devoting itself to

this problem for the past six years. During that time various durability in­

vestigations have been carried out and much basic information has been

obtained. However, studies will have to be continued on the improvement of

quality with a view to greater durability. The committee has brought together

the results of its research since inauguration, and these are now pUblished

here together with the tentative conclusions that have been drawn.

The research was carried out under a 1955 Ministry of Education scientific

test research grant.

2. Outline of Research Programme

2.1 Categories of research and research organizations

To carry out the investigations the programme was broken down into the

following categories assigned to various research committees:

a. Coordination: Research guidance, administration of committees, Tokyo

University, M. Hamada

* Tokyo University, Professor of Engineering

** Tokyo University, Assistant Professor of Engineering

*** Names of researchers are given in the main text
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b. Literature search: Showa Petroleum Co. Ltd., Shinagawa Laboratory

c. Preparation of asphalt test material: Tokyo University

d. Testing of properties: Showa Petroleum Co. Ltd., Technical Division,

Shinagawa Laboratory; Showa Chern. Ind. Co. Ltd.; Tajirna Applied Chern.

Co. Ltd.; Hokkaido University

e. Natural exposure testing: Tokyo University; Hokkaido University;

Tajima Applied Chern. Co. Ltd.

f. Accelerated aging tests: Tokyo University; Showa Petroleum Co.,

Technical Division, Shinagawa Laboratory; Tajima Applied Chern. Co. Ltd.

g. Chemical resistance testing: Showa Petroleum Co. Ltd., Technical

Division, Sekiya Factory

h. Freezing and thawing tests: Hokkaido University.

Members of research corrunittee (at the time of inauguration)

Tokyo University: M. Hamada, K. Kishitani, M. Koike

Hokkaido University: C. Itakura, T. Sugahara, A. Nakajima

Showa Petroleum Co. Ltd., Technical Division: B. Urakawa

Showa Petroleum Co., Shinagawa Laboratory: A. Wakana, E. Kikuchi,
T. Hirokawa

Showa Petroleum Co., Sekiya Factory: I. Nakamura

Showa Chern. Ind. Co. Ltd.: H. Kariya, R. FUjikawa, K. Tokura

Taj1ma Applied Chern. Co. Ltd.: E. Tajirna, K. Shinozaki, H. Sato,
N. Fushimi.

2.2 Outline of the research programme

This research was started in April 1955 and brought to a close in June

1961, a period of 6 years and 2 months. First, a number of petroleum refining

companies in the country were asked to ｯ ｢ ｴ ｡ ｾ ｮ the test material (both blown

and straight asphalt) and a wide variety of sanwles of asphalts in use at the

time was obtained. These were distributed among the above-mentioned investi­

gators who carried out their tests and then held regular committee meetings to

discuss them.

3. Outline of Research Findings

3.1 Literature survey

References concerning structural asphalt were selected from Chemical

Abstracts (1945 - 1955.7), which were classified under the two headings con­

struction and durability, and summarized. A summary of information on asphalt

additives was compiled from two or three references, which may be outlined as

follows:

(a) Construction: Asphalt is used for roofing, floors, jointed boards,

paint, waterproofing, inSUlation, etc., the important point beint to choose the
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rlght quality for the given purpose. To improve specific properties various

additives are often employed. For example, for roofing blown asphalt with a

penetration of 10 - 30 is normally used for the surface coating and should

show good water resistance, weather resistance and compatibility, with a small

low-temperature susceptibility, a small low-temperature brittleness and little

tendency to form bubbles, physical and chenlical stability and a high flash

point. The addition of 10 - 20% mineral matter is powdered or fibrous form

increased the weather resistance, insulating power and impact resistance.

(b) Weather resistance: Asphalt is affected by the weather (air, sun­

light and humidity) and in time will deteriorate due to oxidation, polymeriza­

tions, etc., as a result of which it becomes brittle, cracks and is no longer

fit for use. The general property changes are as follows: the colour becomes

paler; the uniformity deteriorates; the material loses its gloss; the density,

viscosity, hardness, hardening point, softening point, flash point, carbon

cOlnponent and asphaltene component increase. The spreading rate, shear

strength, adhesive power, volatility, CS 2 , naphtha, soluble petroleum and oil

components decrease.

There are two methods of testing the weather resistance - the natural

exposure test (outdoor exposure test) and the use of the weatherometer in the

laboratory. The weather resistance of asphalt depends on the qualities and

processing method of the crude oil, but with the aid of various additives it

can be ｾｮｰｲｯｶ･､Ｎ Possible additives include oxidation inhibitors, powdered or

fibrous mineral matter, fats, naphthenates, natural and synthetic resins, and

rubber.

(c) Asphalt additives: In itself asphalt is inexpensive, and excels in

water resistance, weather resistance, adhesive power and chemical stability.

With the aid of various additives its specific characteristics may be improved.

For example, adhesiveness may be increased or decreased, viscosity and temper­

ature sensitivity decreased, tensile strength increased, weather resistance,

fire resistance, water resistance and resistance to humidity improved. At the

time of application the raw asphalt and the additives must be selected and

mixed so as to obtain the optimum product for the given purpose.

3.2 Testing the properties of the asphalt specimens

A general test was conducted on the 28 types of asphalt obtained (9

straight and 19 blown). The results are shown in Table I. Under several of

the headings the measured values of both Showa Petroleum and Tajima are given,

and there is a slight difference between them in some cases. The distribution

of properties is given in Table II. These results were to be compared with

various future tests results.
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3.3 Heather resistance tests

The outdoor natural exposure tests were carried out at Tokyo University,

Tahima Applied Chern. Ind. and Hokkaido University. In each case asphalt was

applied to an aluminiwll panel which was inclined at an angle of 45°, facing

south. The accelerated aging tests with the weatherometer were carried out at

Tokyo University, at Tajima Applied Chem. Ind. and at Showa Petroleum Company.

The test method at Tokyo University was generally the same as the method for

synthetic resin, but at Tajima Applied Chem. Ind. and Showa Petroleum the

A.S.T.M. procedure was followed. The results may be summarized as follows:

(a) After the outdoor natural exposure the asphalt showed a marked in­

crease in the softening point and a decrease in penetration and ductility.

The softer the blown asphalt the greater the change in penetration due to

exposure (Showa Petroleum).

(b) After exposure straight asphalt sagged and could not be tested.

(Tokyo Univ., Hokkaido Univ., Tajima).

(c) In the course of the outdoor exposure test the cracks in the ｢ ｬ ｯ ｾ ｭ

asphalt penetrated right through to the back over almost the entire area with­

in four years. This was determined from measurements of the electrical con­

ductivity. The number of months needed for more than two-thirds conduction is

about 12 to 48 (Tajima). However, Tokyo University showed a slightly better

result. The results at Tajima Applied Chern. Co. indicated a poorer weather

resistance than the results at Tolcyo University. This could be the result of

an unfavourable environment due to the presence of smoke, and also to the fact

that the underside of the test stand was completely covered with board (there

was none at Tokyo University), causing the temperature to increase in the day­

time. However, the details are not clear.

(d) For blo\ffi asphalt it may be said that the greater the penetration and

ductility, and the lower the softening point, the greater is the weather re­

sistance, assuming that the tested asphalts have all been obtained from the

same crude oil by the same process. This is probably because the softer the as­

phalt, the longer it will take for a crack to develop. Similarly in (a) above,

the softer the asphalt, the longer it took to reach a certain penetration, and

if cracks occur at a certain penetration, there is no contradiction here.

(e) Point (c) applies to blown asphalts if derived from the same crude

oil, but not necessarily otherwise. Generally speaking if the [(flash

point) - 2 (softening point)] is above 120°C the weather resistance will be

very good (Tokyo University).

(f) A correlation exists between density and weather resistance. For

blown asphalts, other things being equal, the smaller the density, the greater

the weather resistance (Tajima).



-7-

(g) There is no correlation between water absorbency and weather

resistance (Tajima).

(h) There is no correlation with the paraffin content (usually several

percent).

(i) For blown asphalt there is a close relationship between the results

of natural exposure tests and the accelerated aging tests with the weatherom­

eter (Tokyo Univ., Showa Petroleum and Tajima) with respect to the number of

months of weather resistance.

(j) There seems to be no relation between the chemical component asphal­

tene or the saturated compounds and the weather resistance.

3.4 Chemical resistance tests

Asphalt itself is highly resistance to 80%, 50% and 12% sulphuric acid

and to 10% hydrochloric acid, but the acid often penetrates the surface coat

to reach the ferrous material inside, resulting in expansion and oxidation.

The addition of diatomite, natural or synthetic rubber aggravated this effect.

Against salts such as ammonium sulphate, asphalt itself is resistant. Nearly

all asphalts are discoloured by alkalis.

3.5 Freezing and thawing tests

In cold regions all parts of a building undergo repeated freeZing and

thawing. The freezing and thawing test was therefore carried out on asphalt

mortar. When freeZing and thawing are repeated 20 times on straight asphalt

air bubbles form and the surface becomes pitted; however, when the testing is

carried beyond the 20 repetitions the surface recovers its original appearance

before 40 cycles have occurred. Blown asphalt does not show much outward

change. In the ductility test, however, straight asphalt shows a slower rate

of decrease than blown asphalt. Straight asphalt seems to be the more

resistant to repeated freeZing and thawing. The air bubbles probably develop

in the initial stages of freezing and thawing because the water absorbency of

regular asphalt is greater than that of blown asphalt.

4. Conclusion

The present report has reviewed the literature on the durability of

asphalt, and given the findings from the general test of properties. The re­

sults of natural exposure tests, accelerated aging tests, chemical resistance

tests and freeZing and thawing tests made by the various assigned investiga­

tors have been discuBsed. Clarification of the durability of asphalt is a

very difficulty problem and this research has only succeeded in discovering a

few characteristics and relations pertaining to quality and durability. How­

ever, it is to be hoped that efforts will be continued with the cooperation of

the various parties concerned.
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PART 2. Natural Exposure Test Results

Structural Asphalt Research Committee

Chief Researcher: Full member M. Hamada*

Co-Researcher: Full member M. Koike**

and 16 others

1. Aim

As a contribution to the research on the durability of structural asphalt

the purpose was to conduct natural exposure tests with a view to assessing the

durability of asphalt and effecting improvements in quality and usage.

2. Test Material and Specimens

The tests were carried out on 18 types of blown asphalt and 10 types of

straight asphalt. For the results of tests on the general properties see

Part 1.

The specimens were produced as follows. First the asphalt was heated to

180°C and melted; it was then poured on an alwniniwn panel (90 x 150 x 1.6 nun)

and rolled to a thickness of 0.6 - 0.7 rom with a special pre-heated roller.

Finally the surface was heated with an infrared lamp and given a smooth,

uniform finish .

. 3. Test ｲ ｾ ･ ｴ ｨ ｯ ､

Tests were carried out at Tokyo University, Hokkaido University and

Tajima Applied Chern. Ind. Co., all using the same test material. The specimens

were exposed facing south at an inclination of 45°. Table III gives details

of test location and methods applied to the judging of the results.

4. Test Results

4.1 Blown asphalt

The surface generally lost its lustre after 1 - 2 months. In the early

stages of exposure, tiny wrinkles appeared on the surface of most of the

specimens, but this is a superficial change and does not develop directly into

a crack.

* TO}QJo University, Professor of Engineering

** Ministry of Construction Architectural Research Institute researcher
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The ｴｩｾ･ of occurrence of cracks varied widely, dependinG on the location.

Tajima Applied Chem. Ind. was the earliest, then Hokkaido University and

finally 'I'okyo Univers i ty. In what I'oLl.ows the results are discussed according

to test location.

Tolyo Th1ivcrsity. None of the test materials developed cracks until the

third year. From the fourth year on cracks started to appear, and at 5 years

5 months, 7 of the 18 types had no cracks, 11 had cracks (6 few, 5 many). No

pronounced sagginG of the test material could be observed (see Fig. 1).
Hokkaido University. After 2 years and 4 months of exposure 8 of the

asphalts still had no cracks, while 10 showed cracks (6 showed f'ew, 4 many)

but none of the cracks had reached the aluminium panel. A sliding of test

material was observed in one type of asphalt.

Tajima Applied Chem. Ind. Co. Compared with the two places mentioned

above, cracks occurred early. After one year, 6 of the asphalts had cracks

reaching the aluminium panel, and after 3 years this number had increased to

16. After 4 years all the asphalts had cracks reaching the aluminium panel on

over two-thirds of the total specimen area. There were also 5 asphalts that

showed cracking of the test material.

Thus, there were marked differences in the results for each location.

Nevertheless, when the test materials are classified into 3 categories of

excellent, good and fair, the results run parallel in the manner shown in

Table IV. To the results from ｔ ｡ ｪ Ｑ ｮ ｾ Applied Chern. have been added the number

of years it took for cracles to develop over two-thirds the total test material

area. Table V gives the results of characteristics of the material after 5

years and 5 months exposure at Tokyo University.

4.2 Straivpt asphalt

Generally speaking the softening point is low compared with the exposure

temperature, so that most of the test material showed some sliding. From an

early stage of exposure the surface lost its lustre and developed a vlrinkled

film. In time, houever-, this film brolee on the surface and the inner asphalt

surface appeared, presenting a glossy, irregularly lined appearance. This

process was repeated and gradually, as the crrnobled surface was washed away by

the rains the specimen decreased in thickness, and in some cases the support

was even laid bare. The following is an outline of the results for each test

location.

Tokyo University. After 5 years and 5 months of exposure all specimens

had undergone some sliding, Which, however, had ceased. The surfaces showed

fine wrinkles, some with a coarse pattern, some with a fine pattern. Of the

10 types, 3 showed exposed panel (Fig. 2). Table VI gives the changes in the

properties of the asphalt due to exposure.
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Holdcaido University. After 2 years and 4 months of exposure, 7 asphalts

showed definite sliding and 3 showed slight sliding. The surface was wrinkled,

but none of the panels were exposed. Generally speaking many pockmarks

appeared.

Tajima Applied Chem. Co. Ltd. After 5 years and 2 months the changes

here wer-e more severe than at the other 2 locations. Of the 10 asphalts

tested only one did not have its foundation exposed, in the other 9 cases the

surfaces were partially exposed. These specimens also showed traces of severe

sliding, although the process had ceased. Some showed cracks similar to those

in blown asphalt. Those ｾ ｸ ｰ ｯ ｳ ･ ､ horizontally to avoid creep of the test mater­

ial became uneven, although the creep was slight, and on some of the test

materials the panel was visible. However, on the part where the panel was not

exposed there was no conduction with the aluminium panel.

5. Study of Test Results

The differences in the results due to the location were great,

especially between Tokyo University and Tajima Applied Chern. Co., although

these are in the same city. The reasons for this are not known but the fol­

lowing differences in exposure conditions may be noted. TaJima Applied Chern.

Co. is in the manUfacturing district where there is a great deal of smoke.

The place of exposure is on ｴｨｾ ground and the underside of the test piece is

boarded so that the temperature can rise easily. At Tokyo University the

specimens wer-e exposed on a rooftop and the test piece had no lining board, so

that the ventilation was good. Thus there was about 10°C difference in the

maximum surface temperatures, 58°C at Tokyo University and 68.5°C at TaJima.

However, the temperature changes were ｮ ｾ ｲ ･ severe at Tokyo University. The

ｭｩｮｩｭｾｾ temperature seems to be especially low, but the difference between the

two is not clear.

For the exposure test at ｔ ｡ ｊ ｾ ｮ ｡ Applied Chern. Co. the relation between

the number of years until cracks reaching the foundation developed over two­

thirds of the test ｮ ｾ ｴ ･ ｲ ｩ ｡ ｬ area and the physical properties and chemical

components is as shown in Fig. 3 to 10. (The physical properties are values

measured by TaJima Applied Chern.)

The water absorbency rate and the paraffin content show no interrelation

with the weather resistance.

The greater the penetration, ductility and flash point, and the smaller

the softening point, density and the asphaltene content, the better the

weather resistance; however to deduce the weather resistance from these prop­

erties would involve too great an error. This relation can be accurate for

blown asphalts derived from the same crude oil by the same process. Figure 9
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shows the relation of weather resistance to the kind of crude oil and to the

softening point. There are not many specimens divided according to crude oil,

but in the case of Arabian crude oil, as an example, we see that the lower the

softening point the better the weather resistance. However, this relationship

does not hold between different kinds of crude oil.

We now consider two physical properties in relation to the weather

resistance. Figure 10 shows the relation of weather resistance to softening

point and flash point. The physical properties are the measured values of

Showa Petroleum; the weather resistance used was the composite result from

Table IV. According to this diagram, the straight line for [(flash point) ­

2(softening point)] = 120°C seems to divide the weather resistance into good

and bad. Therefore the ｨ ｾ ｾ ｯ ｴ ｨ ･ ｳ ｩ ｳ Ｚ "If [(flash point) - 2(softening

point)] ｾ 120°C, weather resistance is good" is studied by xt. distribution.

The physical properties differ somewhat depending on the source of the test

material and the observer, so by taking the measurement results of both Showa

Petroleum and Tajima Applied Chem , , \'Je get an error of 0.5%, as in Table VII,

and the hypothesis stands up.

In Table VIII we present the relation between the penetration of asphalt

after exposure at Tokyo University and the weather resistance. In measuring

the penetration, the \'Ihole test material was-re-melted, so that the penetration

of the specimen surface \<'111 be less than the value shown. This test showed

that the limit of crack occurrence is at a penetration of about 5 to 7. The

increase in the softening point was 27 - 58°C or 25 - 73% of the initial value.

The decrease in ductility was striking, falling to less than 0.5 cm in all

test materials.

5.2 Straight asphalt

Straight asphalt has a low softening point, which resulted in sliding.

For building purposes this fact would not be taken into account by itself, but

care is necessary on this point.

The wrLnkLee produced on the test material surface at the beginning of

exposure seem to be due to oxidation. As aging progresses, the oxidized film

contracts and breaks, exposing a new asphalt surface. This process is repeated

and the test material gradually oxidizes and becomes powdery from the surface

inwards and is washed away by the rain.

In Hokkaido eruptions like pockmarks developed on the surface, but this

was probably due to the absorption and freeZing of water in pinholes.

As shown in Fig. 11, the decrease in penetration and the rise in soften­

ing point which accompany the aging of straight asphalt follow different

courses from those of b Lown asphalt. After aging, the softening point of
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straight asphalt is lower than that of ordinary structural blown asphalt of

equal penetration and in close to that of what used to be called blown asphalt

B. The penetration decreased by 53 - 70%, the softening point increased by

12 - 52%.

6. Conclusion

Since the test materials were obtained six years ago, they may differ in

some respects from those derived from the crude oils being imported today.

However, the conclusions drawn from the results of these tests are as follows.

6.1 Blown asphalt

(1) For ｢ ｬ ｯ ｾ ｭ asphalts derived from the same crude oil by the same

process, the weather resistance seemed to improve with increasing penetration,

ductility and flash point, and with decreasing softening point and density.

However, the lowest softening point suitable for the conditions of application

should be determined.

(2) The natural exposure resulted in notable decreases in penetration and

ductility and marl{ed increases in softening point. The penetration at the

time of crack occurrence was around 5 - 7. The rise in softening point was of

the order of 27 - 58°C, an increase of 25 to 73% compared with the original

softening point. The ductility was below 0.5 cm in all cases.

(3) It cannot be said that the number of test materials was absolutely

sufficient, but by taking those showing [(flash point) - 2(softening point)] ｾ

120°C there is a high probability of obtaining a good weather resistance.

(4) The weather resistance differs greatly with the location of exposure,

but the sequences of the changes are closely parallel.

6.2 Straight asphalt

(1) ｃ ｯ ｲ ｲ ｾ ｡ ｲ ･ ､ with blown asphalt, the tirrle until cracks appear is long,

but since the softening point is ｬ ｯ Ｌ ｾ there is a risk of slippage, so that

great care is needed in application.

(2) Straight asphalt which as aged showed a lower softening point in this

test compared with ordinary blown asphalt of equal penetration, and came close

to that of what used to be called blown asphalt B. The decrease in penetra­

tion was 53 - ＷｾｾＬ the increase in softening point 12 - 52%.
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PART 3. Accelerated Aging Test Results

Structural Asphalt Research ｃ ｯ ｮ ｾ ｩ ｴ ｴ ･ ･

Chief Researcher: Full member 1-1. Hamada*

Co-Researcher: Full member E. Tajima**

and 16 others

1. Introduction

In this report, as a·further step in the durability studies of construc­

tional asphalt, accelerated aging tests were carried out on blown asphalts

with the aid of the weatherometer. The results were compared with those

obtained from the natural exposure tests, their interrelationships were exam­

ined and a study was made of the relation between the properties of the

asphalts and their durability. That is to say, the results of accelerated

aging tests conducted by four different methods are compared with the results

of the natural ･ ａ ｾ ｯ ｳ ｵ ｲ ･ tests conducted in the Adachi Ward of Tokyo City,

followed by a discussion of the relation of the results from one of the four

methods of accelerated aging to the properties of the asphalt with respect to

penetration, softening point, ductility, density, paraffin content and water

absorbency.

2. Test Haterial

The test material was the same as in Part 2, i.e. 18 kinds of blown

asphalt were applied on aluminium panels (75 x 150 x 1.6 mm) in a thickness of

0.6 - 0.7 mID. Table IX shows the properties of these test materials.

3. Test Method

(1) Accelerated aging method NE-2

Accelerated aging was carried out for 700 hours using Toyo Rika's

weatherometer model ｾ ｾ Ｍ Ｒ Ｎ This corresponds to the amount of ultraviolet rays

received during a nominal 3! years of natural exposure.

Test conditions:

Carbon arc

Lamp specifications

Temperature inside apparatus

2 lamps

120 - 140 v, 15 - 18 amp

SOoC

* Tokyo University, Professor of Engineering

** Tajima Applied Chern. Ind. Co. Ltd., ｾ ｬ ｡ ｮ ｡ ｧ ｩ ｮ ｧ Director, Dr. of Eng.
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The

Hater sprinkling

Rotation of drwn supporting
the specimen

condition of the test material

6 min every 30 min

1 rpm

after 700 hours in the weatherometer

was categorized as follows: no cracks ..•• 0, few cracks ...• ｾ Ｌ cracks over

the whoLe surface x, melted and slumped •... rnj the durability \'18S then

determined.

(2) Accelerated aging method C-2

The same apparatus as in (I), Toyo Rika vffi-2, was used and the tests

were carried out on the basis of the C cycle method(l) as laid down in the

ASTN Standards.

Test conditions:

Carbon arc

ｌ ｡ ｮ ｾ specifications

ｔ ･ ｮ ｾ ･ ｲ ｡ ｴ ｵ ｲ ･ inside apparatus

Ha ter sprinkling

2 lamps

120 - 140 v, 15 - 18 amp

60°C

12 min every 120 min
continuous operation
for 22 hr

Rotation of drum supporting
the specimen 1 rpm

Cooling If hr in air at -23°C

Accelerated aging \'13S carried out under the above conditions for 10 days,

and during that time the test material was taken out of the cooler every day

and tested for cracks with a pinhole detector.

(3) Accelerated aging method C-l

The tests were based on the C cycle method(l) laid down in the ASTf·1

Standards.

Test conditions:

Carbon arc

Temperature inside apparatus

Hater sprinkling

1 lamp
130 - ｬｬｾＵ v , 15 - 17 amp

60 ± 2°C

from fixed nozzle once every
20 min continuously for 22 hr

Rotation of drum supporting
the specimen 1/20 rpm

Cooling ｬ ｾ hr in air at -23°C

Accelerated aging was carried out under the above conditions until craclcs

developed over the entire specimen surface. After each cycle the specimen '-JaS

removed from the cooler and any cracks reaching the aluminiwn panel were sub­

mitted to an electrical conductance test with an ｯ ｨ ｾ ｮ ･ ｴ ･ ｲ Ｈ Ｓ Ｉ Ｎ The durability

was assessed in the follouing manner: the test material surface was civided

into 15 sections and the ntrnmer of cycles required for conductance to occur
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over two-thirds of the specimen area, that is, over 11 scctions, fas taken as

an index of durability.

(4) Accelerated aGing method 5l-9C

The tcstinc.; machine is made up of the weathe rorne t er- and an apparatuB

which sprinkles water of +5°C at intervals. The test was carried out by the

5l-9C cycle method(2) described in ASTM Bull. 69, April, 1956.

fest conditions:

Carbon arc

ｔ ･ ｮ ｾ ･ ｲ ｡ ｴ ｵ ｲ ･ inside apparatus

\1ater sprinlcling

1 lamp
130 - 145 v, 15 - 17 amp

60 :t 2°C

water of +5°C for 9 min
every 60 min from fixed
nozzle

Rotation of drum supporting
the specimen 1 rpm

Accelerated aging was carried out under the above conditions until cracks

developed over the 1'Ihole specimen surface, and during that period electric

conductance tests(3) were made every 20 hours \1ith an ohmmeter to determine

whetne r- there were cracks reaching the aluminium board. The durability index

was obtained in the same 'l!lay as for the accelerated aging method C-l.

4. Test Results

Table XI shows the results of durability tests by natural exposure and

by the four accelerated aging methods.

5. Comments on the Test Results

5.1 The interrelation between accelerated aging and natural exposure test

results

(1) \'m-2 acceleration method and natural exposure

The method of ､ ･ ｴ ･ ｲ ｾ ｩ ｮ ｩ ｮ ｧ durability in this test was to show the condi­

tion of the test material after 700 hours of accelerated aging and after 5t yr

of natural exposure, using the 0, x, 6, m symbols mentioned previously. Of

these, m was excepted because of the difficUlty in assessing durability with

it. For the other ssllibols, the reciprocity of the test results of natural

exposure and accelerated aging \':8S examined by x 2 distribution. The results

of the examination showed a risk ratio of 5%, which is not useful. However,

at a risk ratio of 10% there is significance and there seems therefore to be

some correlation.

(2) The C-2 method and natural exposure

Since durability is assessed in the C-2 acceleration method by the number

of cycles at which the test material first shows conductance, we thus used
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from the na t.ur-a l exposur-e tests the number- of months at which the conductance

first appears and the following correlation coefficient was obtained:

r ｾ 0.543 (n ｾ 18)

0.542> r(18-2, 0.05) cr 0.455 [
r - correlation coefficientl

n - no. of samples J

Thus a correlation can be said to exist between the C-2 method and the

natural exposure method. One cycle in the C-2 method corresponds to 4.53

months of natural cJ-..."posure, and the acceleration factor is about 140.

(3) C-l method and natural exposure

The C-l method indicates the durability by the number of cycles at which

more than two-thirds of the test surface shows conductance, we thus took the

ｮ ｾ ｾ ｢ ･ ｲ of months in the natural exposure tests at which a slinilar conductance

was found. The following correlation coefficient between them was obtained:

r ｾ 0.755 (n ｾ 18)

0.755 > r(18-2, 0.01) ｾ 0.589

This is highly significant and correlation may be said to exist between

the C-l method and the natural exposure method. One cycle of the former

method corresponds to 1. 43 months of natural exposure and the acceleration

factor is about 44.

(4) The 51-9C method and natural exposure

The correlation coefficient between the 51-9C acceleration method and

natural exposure was obtained in the manner described above, i.e. for conduc­

tance over more than two-thirds of the test area:

r ｾ 0.827 (n "" 17)

0.827 > r(17 .2, 0.01) = 0.605

This is again highly significant and a correlation may be said to exist

between the 51-9C method and the natural exposure method. The acceleration

factor by this method is about 57.

5.2 Study of the four accelerated aging methods

As mentioned above, of the four accelerated aging methods, C-2, C-l and

51-9C show correlation with the natural exposure method. Of these, however,

the 51-9C method has the largest correlation so this method must be the most

suitable for the durability testing of blown asphalt. No correlation with

natural exposure was obtained for the vill-2 method, but this is probably because

the method of assessment was by symbols, and since m was omitted from the
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examination as unsuitable for assessment purposes the number of samples was

greatly reduced.

5.3 On the properties of test material and durability (51-9C method)

(1) Penetration and durability

Taking the functional relation between the penetration from Table IX and

durability test results obtained by the 51-9C method of Table X by the method

of least squares, we get

y = 12.9 x + 142.4* (1)

where x = penetration, y = durability in hours

Equation (1) is represented in Fig. 12 by the line AB. According to

equation (1), then, greater the penetration, the greater the durability. The

correlation coefficient is r = 0.878* (n = 17), which is highly significant.

However, when the kinds of crude oil and the manufacturing methods differ

these factors do not always coincide. In another investigation by the present

authors the results showed that with blown asphalt obtained from the same kind

of crude oil by the same manufacturing method, the durability increased with

increasing penetration.

(2) Softening point and durability

vllien the relation between the softening point and the durability is

obtained by the method of the least squares, then as above

y = 1275 - 9.45 x* •.... ·(2)

where x = softening point in °c, y = durability in hours

Equation (2) is represented in Fig. 13 by the line CD. Equation (2)

shows that the higher the softening point, the poorer the durability. The

correlation coefficient is r = -0.67* (n = 17), which is highly significant.

In this instance, as in the previous one, when the kinds of crude oil and

their manufacturing processes differ, they do not always agree. However, in

another investigation by the present authors on blown asphalts obtained from

the sanle crude oil by the same manufacturing process, we found that the greater

the softening point, the poorer the durability.

(3) Ductility and durability

ｾ ｦ ｵ ･ ｮ the relation between ductility and durability is obtained in the

above manner then

y = 91.2 x + 157*······(3)

where x = ductility in em, y = durability in hours

* Error in original; corrected by technical editor.
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Equation (3) is represented in Fig. 14 by the line EF. Equation (3)

shows that the greater the ductility, the greater the durability. The cor­

relation coefficient is r = 0.503* (n = 17) and is significant. Here again as

in the case of softening point and durability, another investigation by the

present authors showed that for blown asphalts obtained from the same crude

oil by the same manufacturing process the greater the ductility, the greater

the durability.

(4) Density and durabilitl

ｾ ｨ ･ ｮ the relation between density and durability is obtained in the above

manner then

y = -569000 x + 59654······(4)

where x ｾ density in glee, y ｾ durability in hours

In Fig. 15, equation (4) is represented by the line GH. According to

equation (4) the greater the density, the poorer the durability. The cor­

relation coefficient is r ｾ -0.633 (x ｾ 17) and is highly significant.

(5) Paraffin content and durability

\fuen the correlation coefficient of the paraffin content and the durabil­

ity is obtained in the above manner we get r = -0.382 (n = 17). This is not

significant, i.e. there is no correlation between paraffin content and

durability.

It has formerly been held that the paraffin content harms the quality of

asphalt, and especially at low temperature tends to harden it and make it

brittle. It has also been reported that up to 4.5% the paraffin content has

no appreciable influence on the durability, but no confirmation of this was

obtained from the present investigation. In another investigation by the pre­

sent authors in which paraffin wax was added to blown asphalt the paraffin

component separated out during the durability test and as a result the durabil­

ity was poor. However, this added paraffin is of a different kind to what is

found naturally in the original asphalt, so that it cannot be said definitely

that the size of this native paraffin content affects the durability. Further­

more, since the kind of solvent used in measuring the paraffin component and

the difference in the separation temperature will influence the result, the

relation between the paraffin content and the quality of the asphalt requires

further study.

(6) Absorbency and durability

When the correlation coefficient of absorbency and durability is obtained

in the above ｮ ｾ ｮ ｮ ･ ｲ we get r ｾ -0.12 (n = 17), which is not significant,

* Error in original; corrected by technical editor.
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i.e. no correlation could be observed between absorbency and durability.

6. Summary

As a contribution to the study of the durability of structural asphalt,

18 kinds of blown asphalt were obtained from Japanese petroleum refining

companies and the durability was measured by natural exposure and by acceler­

ated aging tests on test coatings 0.60 - 0.70 mID thick. The accelerated aging

methods were studied by correlation with the natural exposure tests. The

relation between the various properties of blown asphalt and their durability

was studied and the following conclusions were reached.

(1) Of the four accelerated aging methods employed the C-2, C-l, 5l-9C

methods showed a correlation with durability, the latter two

especially exhibiting a very close correlation.

(2) Of the four accelerated aging methods, the 5l-9C method seems to be

most suitable for characterizing the durability of blown asphalt.

(3) The kind of asphalt manufacturing process by which it is obtained

from the crude oil seems to have an influence on the durability.

(4) For blown asphalts obtained from the same crude oil by the same pro­

cess it may be said that the greater the penetration and the ductility

and the lower the softening point, the greater the durability.

(5) Between density and durability a negative correlation was found.

(6) No correlation was found between the paraffin content or the

absorbency rate and the durability.
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PART 4. Chemical Resistance Test Results

Structural Asphalt Research Committee

Chief Researcher: Full member M. Hamada*

Co-Researcher: R. Fuj1kawa**

and 16 others

1. Introduction

This investigation consisted in testing the resistance of asphalt to

acids and alkalis and was conducted at Showa Petroleum Co., Ni1gata Oil

Refinery, Sek1ya Branch Factory, as one phase in the "Research on the durabil­

ity of structural asphalt".

As indicated in Part 1 of this joint study, 19 types of blown asphalt,

8 straight, 1 compound, i.e. a total of 28 kinds, were submitted for testing.

In one part of the acid resistance test, an additional 6 types of asphalt

(1 blown, 4 straight, 1 compound) from other crude oils, and compounds of

asphalt with rubber or other inorganic fillers added were also tested.

2. Chemicals Used in the Tests

1. Alkali resistance test

i1. Acid resistance test

3. Types of Asphalt tested

Saturated lime solution

Sulphut1c acid 80%, 50% and 12%

Hydrochloric acid 10%

(Salts) Ammonium sulphate 15%

Tables XII and XIII show the type and properties of the asphalts and

compounds tested in addition to the 28 kinds listed in Part 1.

The Johns Manville Company asphalt 1n Table XII is a mixture of Flux No.5

(penetration 7, softening point 110°C) and No.16 (penetration 24, softening

point 73°C) in a ratio of 1 : 1.

Table XIII lists the additives that were combined with two kinds of

asphalt, No.18 (straight 20 - 30) and No.23 (blown 20 - 30) to produce com­

pounds. In the course of preparation No.18 was heated to 150°C, No.23 to

200°C. The respective additives were then added to them and the mixtures were

stirred for 30 minutes at these temperatures.

* Tokyo University, Professor of Engineering

** Showa Chern. Ind. Co., Research Section Chief



-21-

4. Preparation of Test Specimens

1. Alleali resistance test

A glass rod 200 mm long, and 15 mm in diameter was immersed in the molten

test asphalt; the asphalt was made to adhere to the lower 120 mm of the glass

rod, which was then drawn out, left to cool and used for testing. The melting

temperature of the straight asphalt test material was l20°C,that of the blown

asphalt 200°C.

ii. Acid resistance test

A steel rod 200 mm long, 10 mm in diameter was immersed in asphalt as for

the alkali resistance test; a film about 170 mm long was made and used as the

test specimen.

5. Test Conditions

Test specimens prepared in the above manner were dipped in alkali and

acid solutions in test tubes, to depth of 150 mm. These were left standing at

room temperature and the changes in the asphalt were observed at intervals.

For the alkali resistance test with calcium hydroxide liquid paraffin was used

to seal the top of the solution from the air in order to avoid a reaction of

the calcium hydroxide with atmospheric carbon dioxide. Three of the test

specimens were prepared for each type of asphalt.

6. Test Results

i. Alkali resistance test

Table XIV shows the results. With the exception of No.6 and No.19 all

specimens changed colour to greyish white or brown. However, none showed

cracks or abrasion. Generally, in the process of changing colour in the course

of time they first turned more or less greyish white, then grey and finally

greyish brown. At this point some of the specimens developed small wrinkles.

In the straight asphalts the inside, where asphalt adheres to the glass sur­

face, generally had a glossy appearance, but many of the blown asphalts had

lost their lustre. The extent of the discolouring also differed on the front

and back of the test specimens. A similar difference was also observed

between the part of the specimen that was in the shadow of the label pasted on

the test tube and the part not so covered. This phenomenon is probably due to

the influence of light. Thus the underside of the specimen and the part

hidden by the label underwent comparatively little change of colour.

The inside of the asphalt observed from the cut end had a lustre and the

layer that had changed colour was thin. For the most part the immersion

solution showed no change.
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The numbers in the last column of Table XIV stand for the corresponding

colours in the Colour Sample Book of the Japan Paint industry Association

Standards. \fuere two numbers are bracketed together this signifies a colour

midway between the two. An asterisk indicates the colour of the underside or

the part under the label.

ii. Acid resistance test

Table XV shows the results of tests on 28 kinds of asphalt using 80%
sUlphuric acid. Generally speaking, no tendency towards corrosion etc. can

be observed on asphalt, but cracks, bulges and air bubbles form. This must be

because the acid solution ,penetrates to the inside through pinholes in the

coating and reacts with the iron to form a sulphate which expands and forms a

bulge beneath the surface coat. This eventually leads to cracking and

exfoliation.

Table XVI shows the results of tests using 80% sUlphuric acid on com­

pounds of No.18 (Klamono, regular 20 - 30) and No.23 (Klamono, Kuwait, blown

20 - 30) with rubber and other additives. Regardless of the additives or the

kind of asphalt, by 30 - 70 days all showed cracks and flaking off of the

coating, while in the acid solution a great deal of precipitation was observed.

This was due perhaps less to any direct effect of the additives, than because

of the fact that their presence was detrimental to the impermeability of the

coating. As a consequence the acid solution could penetrate deeper and

facilitated the above-rrlentioned chemical reaction between the acid solution

and the iron, and hence also the disintegration of the coating.

Table XVII shows the test results for the other six kinds of asphalt

against sulphuric acid, hydrochloric acid and anmlonium sulphate. In each case

there was some transformation, though to different degrees, and in some cases

there was a change of colour in the solution. Ammonium sulphate is a salt

which ｓ ｨ ｏ ｾ ｉ ｓ acidity, but the same phenomenon was observed with it.

7. Conclusions

i. With lime-saturated solution, blown and straight asphalts both show dis­

coloration of the coating, but there is no cracking or flaking off, and

durability is good.

ii. In the presence of sulphuric aCid, hydrochloric acid and ammonium sul­

phate all asphalts showed some transformation, exfoliation or crumbling.

Generally speaking, blown asphalt appears to have good acid resistance, but

the coating quality does not appear good. Straight asphalt on the other hand

has a good quality of coating, but compared with blown asphalt, its acid

resistance is not so good. It would appear, therefore, that the application
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of a regular asphalt coat1ng to blown asphalt would afford a certa1n degree of

ac1d res1stance.

111. The ac1d res1stance of the compound 1s not good. However, one cannot say

absolutely that the cause 1s due to the compound 1tself or that 1t 1s due to

the propert1es of the coat1ng made by this compound.
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PART 5. Results of Freezing and Thawing Tests

Structural Asphalt Research Conunittee

Chief Researcher: Full member M. Hamada*

Co-Researcher: Full member C. Itakura**

1. Object and Types of Tests

The purpose of these tests was to study the changes in the properties of

structural asphalt due to-repeated freezing and thawing uninfluenced by light.

The tests can be classified as follows:

(1) Observation of outward changes in coats of asphalt applied to

aluminium panels in thicknesses of 0.6 - 0.7 nun and measurement of any changes

of weight.

(2) Measurement of any changes in the viscosity or bonding power of the

thin filnl (about ｏ Ｎ ｬ ｾ Ｉ constituting the asphalt mortar, relative to the grains

of sand.

a. change of density of the asphalt mortar

b. penetration change of the asphalt mortar

c. changes in the cohesiveness of asphalt mortar.

2. Test fllethod

(1) Freezing and thawing tests of asphalt applied on aluminium panel

With 2 sheets of each kind of asphalt test material, applied to aluminium

panels 90 mm x 150 ｲ ｲ ｾ in the ｲ ｲ ｾ ｮ ｮ ･ ｲ described in Part 2 of this research,

freezing and thawing were repeated 140 times for each series. After every

twenty repetitions the change in weight was measured and at the same time any

visible change in the asphalt coating was noted. At the beginning of the

experiment, the weight was measured to the nearest 0.1 g, but after 40 repeti­

tions a chemical balance with an accuracy of 0.0001 g was employed.

Freezing temperatures of -10 to -15°C in the low temperature room of the

laboratory were applied for one hour, after which the specimens were thawed by

immersion in water of 20°C for 2 hours.

(2) Freezing and thawing tests of asphalt mortar

a) Test material

Twenty-nine types of asphalt (in addition to the 28 varieties of the

* Tok'Jo University, Professor of Engineering

** Hokkaido University, Professor of Engineering



-25-

previous report, a paving asphalt with a penetration of 100 to 150 was

included as No.O).

The sand was fine sand from Nishikioka Beach; its physical properties

are given in Table XVIII.

b) Dimensions and numbers of test specimens

Samples measuring 3.6 cm x 3 cm. For each variety of asphalt there were

three specimens for each test.

c) ｃ ｯ ｮ ｾ ｯ ｳ ｩ ｴ ｩ ｯ ｮ (percent by weight)

Asphalt 6%, sand ｧ ｬ ｾ Ｅ Ｌ thickness of asphalt coat about ｏ Ｎ ｬ ｾ Ｎ

d) Preparation of teet specimen

The asphalt was melted at 60 - gOOc, mixed with sand heated to 100°C and

then stirred for a few minutes at go - 120°C. It was then poured into a heated

cylindrical mould, cooled to 40 - 60°C and placed in a press to which a pres­

sure of 200 kg/cm2 (2,306 kg) was applied. The specimen was then cooled,

removed from the mould and stored in a cold room at O°C while preparations for

the test were made.

e) The freezing and thawing process

The specimen was placed for 2 hours in a freeZing room at -10 to -15°C

after which it was removed from this room and thawed by immersion for one hour

in a water bath at 20°C. This constituted one full freeZing and thawing cycle.

f) Measurement

i) Density change

Freezing and thawing were repeated. After every 20, 40, 60, 80 and 100

cycles the weights were measured in air and in water and the density was

determined.

ii) Penetration change

The penetration test was conducted at 200 g, 5 sec, 35°C. That is, the

test piece was put in a penetrometer which was filled with water to 5 mm above

the top of the specimen; this was frozen and thawed and the penetration

measured every 20 cycles.

iii) Change of cohesiveness

The cohesiveness was measured at 35°C by means of a Page impact tester

with falling weights converted to 750 g. After the specimen had been sUbjected

to a given number of freezing and thawing cycles it was submerged in a con­

stant temperature water bath at 35°0. The impact test was then carried out by

recording the height of the fall of the hammer at which a crack occurred in

the specimen and that at which it broke. This was taken as the cohesiveness

index.
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3. Test Results

(1) The external changes due to repeated freezing and thawing of the

asphalt coats applied to the aluminium panel are indicated in Table XIX.

Table XX shows the changes in weight.

(2) Results of freezing and thawing tests of asphalt mortar specimens

a) Changes of density. The results for the 29 varieties of asphalt

mortar were not very clear. The reasons for this are as follows:

i) The freezing and thawing process increased water absorbency and

water could easily enter the pores of the specimen piece. It was therefore

difficult to determine the density from weight measurements only.

ii) Changes of volume were brought about both by swelling and by flak­

ing due to brittleness, so that the true changes of volume could not be

measured.

However, a general tendency for specimens to increase in volume by 4 to

5%, due to an increase in water absorbency after freeZing and thawing, was

observed and the apparent density showed an increase of 0.01 to 0.02 as a

result of repeated freezing and thawing. This applied to all varieties, so

that no differences in quality could be inferred from this.

b) Change of penetration. The hardening of asphalt due to repeated

freeZing and thawing was measured by the change in penetration of the asphalt

mortar specimen. Table XXI gives the results.

c) Changes of cohesiveness. The changes in cohesiveness due to repeated

freezing and thawing of the specimens are indicated in Table XXII and Fig. 17*.

In Fig. 17 the dotted line gives the cohesiveness value at the time of crack­

ing, the solid line that at the time of breaking.

4. Observations on the Test Results

(1) Exterior changes and changes in weight of asphalt applied to aluminium

panel.

a) External changes. Changes occurred even before 20 cycles of freeZing

and thawing. Most of the regular asphalt specimens developed small pockmarks.

This seems to be because water penetrates the tiny air bubbles in the asphalt

and these erupt during freeZing. As indicated in Table XIX this applies to

almost all of the regular asphalt specimens, although in differing degrees.

Pockmarks also appeared in blown asphalt specimens No.14 and No.15.

* Fig. 17 omitted from original text.
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Some of this may be due to the conditions of preparation of the specimen,

but as a general rule it appears that regular asphalt contains many air

bubbles.

However, after 40 freezing and thawing cycles almost all of these marks

had disappeared, leaving only a few slight surface irregularities. After 60

cycles no difference could be observed.

b) Change of weight. At the start of the experiment little change of

weight was expected, so that different sensitivities of balance were used for

the initial and sUbsequent weighings. An accurate assessment can thus not be

stated, but in the values. of Table XX the weight of the aluminium panel is

included and the percent obtained assumes the weight of the asphalt to be 25 g.

As is evident from Table XX, for both regular and blown asphalts weight

increases were recorded up to 20 freezing and thawing cycles, after which the

weight showed a tendency to decrease. Further investigations are needed to

clarify this phenomenon.

From the above results a) and b) it is difficult to draw any conclusions

on the relative merits of the different asphalts.

(2) Changes in asphalt mortar

a) Penetration

Comparison of regular and blown asphalts from Table XXI produced Table

XXIII.

That is to say, repeated freezing and thawing tends to decrease the

penetration. With respect to the rate of decrease there is almost no differ­

ence between straight and blown asphalt, but blown asphalt shows a smaller

absolute value of the penetration, so that the effect of ｣ ｨ ｡ ｮ ｾ ｳ in the soft­

ness must be considered greater for blown asphalts.

Penetration changes of over 10 are recorded for specimens No.3, 11, 12,

17, 19 and 24; with the exception of No.3, these are comparatively large

penetration values. The penetration of No.3 is SIMll, but the decrease is

large. In the case of No.17 there is a slight increase in penetration, but,

as shown in Table XXI, the variation is irregular. No.24 has an irregular

variation like No.17 and the decrease in cohesiveness is small. Without

examining the quality, therefore, it would be difficult to base any assessment

on these results.

b) Change in cohesiveness

i) All the asphalts tested showed reduced cohesiveness after 100

cycles of freezing and thawing. In general, those that had high cohesiveness

at the outset still exhibited a high value after 100 cycles (see Fig. 18).

This can be said regardless of the variety of asphalt.
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ii) In the case of straight asphalts when penetration is high, high

cohesiveness values are obtained both at the outset and after 100 cycles

(Fig. 19). The same holds for blown asphalts, with the exception of No.3, 8

and 21, as far as the initial values are conceTI1ed. After 100 cycles, however,

we find scarcely any connection with penetration (Fig. 20). The cohesiveness

after 100 cycles is lower for blown asphalt than for straight asphalt.

iii) For both straight and blown asphalt, it may be said that the higher

the softening point, the lower the cohesiveness at the beginning cycles and

the greater its reduction after 100 cycles. It is interesting to note here

that there is a clear difference with respect to the softening point in the

two types of asphalt (see Fig. 21).

iv) The above relation is too ｩ ｲ ｲ ･ ｾ ｵ ｬ ｡ ｲ to permit graphical representa­

tion. If new data are obtained according to crude oil and refining process,

a more definite result would probably ensue.

v) Comparing straight asphalt and blown asphalt" the ratio of the

aggregate average cohesiveness after 100 cycles to the initial values is 69.1%

for straight and 56.1% for blown asphalt, and the rate of decrease is greater

for blown asphalt. In general, for a given penetration the cohesiveness of

blown asphalt is often lower, probably because the forces binding the

individual grains of sand are comparatively small.

The thin coating of blown asphalt seems to be less resistant than straight

asphalt to repeated freezing and thawing. This difference is probably due to

the difference in binding powers of the two kinds of asphalt, in other words,

to the adhesiveness with respect to the grains of sand.

(3) With respect to the change in properties of asphalt due to repeated

pure freezing and thawing with the light excluded, the present tests suggest

the softer the asphalt the ｮ ｾ ｲ ･ durable it will be, and that straight asphalts

can be said to be superior to blown asphalts in this respect.

This is not in marked contradiction to the results of the outdoor exposure

tests. From the supplement of creeping, straight asphalt is inferior, but this

could be dealt with by careful selection of the blowing process or by some

other method, or by planning the material and method of operation according to

where it is to be applied.

(4) To determine differences according to crude oil it would be necessary

to choose the varieties systematically.

(5) As test methods for asphalt, study should be carried out using the

Fraass brittleness point, the Schott abrasion test and others.
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Test results on asphalt specimens
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"' Taj1ma Showa Tajima Showa Taj1ma 'f, 'f, ·C 'f, 'f, % 'f, glrn' %
Insoluble

% '% '%Pet. Pet. Pet. % in n-hexane

1 R San Joaquin 30 - 403 36 32 >140 >130 52 52 ＰＮＰＱｾＴ 93 84.50 298 1.49 99.91 - 88.75 1.29 - - 6.8 18.9 24.1 50.2
2 " Abqaiq 10 - 20B 17 17 3.0 2.7 100 100 0.034 85 2.70 328 3.58 99.74 - 68.42 7.98 1.167 0.062 32.0 22.0 16.8 29.2
3 " Qatar " 14 17 2.0 2.7 96 97 0.008 85 2.50 329 3.63 99.68 - 61.95 2.86 1.252 0.068 31.8 22.3 25.9 20.0
4 " Abqaiq 20 - 30B 24 21 3.5 3.1 85 88 0.04 §i 2.96 320 3.62 99.77 - 64.95 4.65 1.206 0.069 33.5 34.6 26.0 5.9
5 " Agha Jari " 22 21 3.5 3.2 79 85 0.044 3.34 318 3.75 99.85 - 64.65 6.30 1.086 0.063 30.5 28.6 27.1 13.8

6 H [TOYOkawa 10 20 - 30S 24 20 15 >130 55 57 0.007 88 42.00 305 1.66 99.93 99.82 79.70 2.37 - - 14.9 19.7 24.1 41.3Yatsuhashi 1
7 " Asahigal<a 10 - 20B 15 14 2.0 1.6 93 94 0.011 87 2.55 264 1.01 99.73 99.83 59.92 2.44 4.300 0.246 42.9 30.5 14.3 12.3
8 " " 30 - 4013 33 26 4.0 3.3 79 87 0.013 87 5.0 236 1.04 99.74 99.82 66.09 2.06 5.990 0.340 33.8 34.2 9.6 22.4
9 3 Arabia 10 - 20B 15 14 3 2.4 103 102 0.00 89 2.33 324 3.67 99.6 99.8 58.9 2.84 0.824 0.045 )5.3 28.0 24.6 12.1

10 " " 20 - 30B 27 27 5 4.7 77 76 0.00 86 4.40 300 3.80 99.6 99.8 67.8 7.76 0.895 0.050 30.4 34.3 35.8 9.5
11 B Hafra 40 - 60s 49 43 >150 >130 46 52 0.02 88 30.41 340 4.96 99.7 99.8 81.85 3.57 - - 7.7 16.0 50.8 25.5

12 A [Arabia 32% 30 - 603 37 39 >150 >130 55 53 0.02 91 39.62 291 2.51 99.8 99.9 80.07 5.82 - - 16.7 25.4 30.7 27.2Praselita
Ｖ Ｘ ｾ

13 " Arabia 10 - 20B 15 17 2 2.6 104 98 0.00 93 2.00 291 3.78 99.8 99.9 58.48 9.03 1.102 0.064 30.4 23.9 25.5 20.2
14 " " 20 - 30B 24 27 2.5 2.7 90 89 0.00 93 2.27 310 3.71 99.8 99.9 61.3 3.82 0.734 0.040 29.7 27.0 2.22 21.1
15 " " 30 - 40B 34 32 3.5 3.3 79 85 0.00 92 ＲＮＵｾ 310 3.56 99.8 99.9 64.6 5.67 0.850 0.046 31.1 34.5 21.3 13.1

[ Nogami,
16 U Innai 30 - 403 37 27 >150 >130 48 52 0.00 77 62.5 398 1.11 99.08 99.32 80.15 7.32 - - 14.0 28.0 28.9 29.1

Shonai
17 " Yatsuhashi " 29 28 56.5 26.7 58 58 0.00 83 15.72 302 0.67 97.41 99.0 69.23 9.96 - - 25.5 27.4 26.1 21.0
18 " K1amono 20 - 303 29 19 >145 >130 54 64 0.003 73 24.57 356 1.52 - 99.62 80.85 3.67 - - 20.2 21.8 28.0 30.0
19 " Niitsu " 27 18 >145 >130 51 58 0.002 86 - 336 0.94 99.25 99.11 86.85 3.18 - - 10.6 22.1 29.0 38.3
20 " Innai " 26 32 >150 >130 48 54 0.02 91 77 309 1.08 98.56 98.85 79.32 2.65 - - 17 .0 25.6 27.4 30.0
21 " Klamono 10 - 20B 12 13 3 2.6 81 90 0.005 87 3.36 312 1.53 99.35 99.35 59.41 6.24 1.006 0.054 29.5 21.1 24.3 25.1

22 "
[ K1a:nono

" 15 15 2.2 1.7 97 99 0.05 87 1.88 255 2.11 99.51 99.47 59.89 6.04 0.678 0.030 40.2 32.2 17.1 10.5
KUll8it

23 " KU1:ait 20 - 30B 24 22 2.2 2.6 90 90 0.11 88 1.52 240 2.36 98.52 99.20 68.35 4.42 0.839 0.048 36.6 26.3 19.8 17 .3
24 " Toriumi 10 - 20B 24 33 14.5 >130 67 55 0.387 81 8.8 207 4.49 98.9 98.84 75.82 3.04 - - 17.7 14.0 28.2 40.1

25 K (Arabia 9
" 18 17 2.2 2.2 100 100 0.040 93 2.5 228 3.41 99.63 99.73 56.21 4.46 3.092 0.178 30.6 25.1 6.7 37.6

Iran 1
26 " Arabia 20 - 30B 26 27 3.2 3.0 80 86 0.043 91 3.2 298 3.56 99.68 99.76 60.33 7.14 2.840 0.169 27.4 24.4 18.2 30.0
27 " " 30 - 40B 32 32 3.5 3.1 90 81 0.046 90 3.5 285 3.49 99.69 99.78 61.8 3.18 3.104 0.180 27.3 29.2 19.7 23.8
28 " (Compound) Compound 16 31 22.2 2.1; 103 101 0.041 92 2.3 286 3.66 99.65 99.74 59.00 7.54 3.019 0.167 33.6 - - -

• Taj1ma Applied Chern. Co. Ltd. •• Test reau1ts of Hokkaido Univ. • .. The rest are test results of Showa Petroleum Co. Ltd.
Note: B denotes "blown" material and 3 denotes "straight-run" material.
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Table II

Distribution of properties

Quantity
Properties of spec- B* S* Specimen nwnber

imens

Penetration Below 15 6 6 0 3,7,9,13,21,22
16 - 20 3 3 0 2,25,28
21 - 25 6 5 1 6;4,5,14,23,24
26 - 30 6 2 4 17,18,19,20;10,26,
Above 31 7 3 4 1,11,12,16;8,15,27

Ductility Below 5 16 16 0
6 - 15 4 3 1 6;3,21,24
(56.5) 1 0 1 17
Above 100 7 0 7 1,11,12,16,18,19,20

Softening 41 - 60 9 0 9 All straight
point °c 61 - 75 1 1 0 24

76 - 90 10 10 0 4,5,8,10,14,15,21,23,
26,27

Above 91 8 8 0 2,3,7,9,13,22,25,28

Temperature Below 2 3 3 0 13,22,23
suscepti- 2.1 - 4.0 12 12 0
bllity 4.1 - 6.0 2 2 0 ｾＴＱＰ

6.1 - 9.0 1 1 0
11 - 30 4 0 4 11, 17, 18, 28
31 - 50 2 0 2 6,12

Above 51 3 0 3 1,16,20

Evaporation Below 0.009 12 7 5
6,17,18,19;3,9,13,14,

loss 15,21

0.010- 0.049 13 9 4 1,11,12,20;2,4,5,7,8,
25,26,27

Above 0.050 3 3 0 22,2),24,28

Penetration Below 80 2 0 2 16,18
after evap 81 - 85 4 3 1 17;2,3,24
oration

86 - 90 12 9 3
6,11,19;5,7,8,9,10,21,
22,27

Above 91 10 7 3
1,12

820;4,13,14,1
5,25,

26,2

Flash point ｂ ･ ｬ ｏ ｜ ｾ 240 3 3 0 8,23,24
°c 241 - 270 2 2 0 7,22

271 - 300 8 6 2 1,12,28;10,1§,25,26,27
Above 301 15 8 7

6,11,16,17,1 ,19,20;2,
3,4,5,9,14,15,21

SUlphur ｂ ･ ｬ ｯ Ｌ ｾ 1.5 9 3 6 1,16,17,18,19,20;7,8,21
content % 1.6 - 2.5 4 2 2 2;6,22,23

2.6 - 3.5 2 2 0 25,27
Above 3.6 13 12 1 1,2,3,4,5,9,10,13,14,

15,24,26,28

Soluble in Below 99.0 2 0 2 17,20
carbon 99.1 - 99.3 2 0 2 16,19
tetrachlo- 99.4 - 99.6 4 4 0 9,10,21,22,25
ride % Above 99.7 18 13 5

Soluble in Below 60 9 9 0 2,7,9
4

13,21,22,25,26,28
naphtha %

61 - 70 10 9 1 17;3, ,5,8,10,14,15,23,
27

71 - 80 4 1 3 16,20;6,24
Above 81 5 0 5 1,11,12.18,19

* B - quantity of ｢ ｬ ｯ ｾ ｭ asphalt; S - quantity of straight asphalt



Table III

Testing method

No.of
test

Location Environment Expoaur-e Exposure Duration Assessment of spec-

started ended results by imens Temperature
(for
each
kind)

Tokyo Univ.
Tokyo, Bunkyo Dec. Nay Observation and {Direct radiation
Hard, rooftop 1955 1961 5 yr 5 mo determination 4 max. 5Boc

of properties* min. -Boc

Hokkaido Univ.
Sapporo City, Feb. June 2 yr 4 mo Total average
rooftop 1956 1958

Observation 4

Tokyo,

temperature 4°c

Ta-jima Adachi Ward f.1arch Nay Observation and Direct radiation
(factory area) 1956 1961

5 yr 2 mo conductivity 2

on ground -tests**
max. 68.5°C

* On completion of exposure, the test material was renloved from the specimen, remelted and the
penetration, softening point and ductility were measured.

** The conductivity test determines vlhether a crack has reached the aluminium panel, from the electrical
conductivity between the surface of the test material and the aluminium panel, using an electrolyte
(3 parts water, 1 part methanol, table salt 3%).
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Table IV

{

Exce l l ent : 0

ｒｾｳｵｬｴｳ at the various test ｳ ｾ ｴ ･ ｳ Good : 6
Fair : x

Asphalt
Tokyo Univ. Hokkaido Univ. TaJima (yr)

Composite
no. ｊ ｕ ､ ｧ ｲ ｮ ･ ｮ ｾ

2 0 0 o (3.5) .0

3 0 6 o (3.5) 0

4 0 0 o (4) 0

5 0 0 o (4) 0

7 x 6 x (1) x

8 x x x (1) x

9 6 x 6 (2) 6

10 0 0 0 (4) 0

13 6 6 6 (2 ) 6

14 0 0 o (3.5) 0

15 6 0 o (4) 0

21 ,
x x x (1) x

22 x x x (1) x

23 6 6 6 (3 ) 6

25 6 6 6 (2 ) 6

26 0 0 6 (3 ) 0

27 6 0 o (3.5) 0

28 x 6 6 (2 ) 6

Basis of After 5 yr 5 mo After 2 yr 4 mo No. of years till 0: No cracks more
jUdging of exposure of exposure cracks occur on I than 2 sites

0: no crack 0: no crack over 2/3 of spec- 6: Few cracks
6: fel'! cracks 6: fel'1 cracks 1men surface more than 2
x: many cracks x: many cracks 0: over Ｓ ｾ Ｍ years sites

6: 2 - 3 years x: I'1any cracks
x: 1 year more than 2

sites



Table V

Properties after 5 years 5 months of exposure at Tokyo University

Penetration (25°C 100 g 5 sec) Softening Point (OC R and B) Ductility
(cm) (25°C)

Asphalt Difference Difference
Before After Before After Before After

no. expos. expos. % expos. expos. % expos. expos.
Decrease Decrease Increase Increase

2 17 8 9 53 100 127 27 27 3.0 < 0.5

3 14 9 5 36 96 119.5 23.5 25 2.0 < o. 5

4 24 11 13 54 85 113 28 33 3.5 < 0.5

5 22 10 12 55 79 114 35 44 3.5 < 0.5

7 15 7 8 53 93 130 37 40 2.0 < 0.5

8 33 5 28 85 79 137 58 73 4.0 < 0.5

9 15 8 7 47 103 133.5 30.5 30 3.0 < 0.5

10 27 12 15 56 77 105.5 28.5 37 5.0 < 0.5

13 15 10 5 33 104 138 34 33 2.0 < 0.5

14 24 10 14 58 90 136 46 51 2.5 < 0.5

15 34 10 24 71 79 130.5 51.5 65 3.5 < 0.5

21 12 6 6 50 81 III 30 37 3.0 < 0.5

22 15 8 7 47 97 130 33 34 2.2 < 0.5

23 24 8 16 67 90 128 38 42 2.5 < 0.5

25 18 8 10 56 100 127 27 27 2.2 < 0.5

26 26 11 15 58 80 125.5 45.5 57 3.2 < 0.5

27 32 11 21 66 90 127.5 37.5 42 3.5 < 0.5

28 16 8 8 50 103 142 39 38 2.2 < 0.5

Note: Measured values by Showa Petroleum, Showa Chern. Ind.

I
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Table VI

Properties after 5 years 5 months of exposure at Tokyo University

(Straight asphalt)

Penetration (25°C 100 g 5 sec) Softening Point (OC R and B) Ductility
(cm) (25°C)

Asphalt Difference Differenceno. Before After Before After Before After
expos. expos. Decrease % expos. expos. Increase % expos. expos.

Decrease Increase

1 36 17 19 53 52 64 12 23 >140 77

6 24 9 15 63 55 78.5 23.5 It3 15 <0.5

11 49 17 32 65 46 70 24 52 >150 13.5

12 37 13 24 65 56 71.5 15.5 28 >150 6.5

16 37 14 23 62 lJ8 69 21 44 >150 9.5

17 29 12 17 59 58 88 30 52 56.5 <0.5

18 29 14 15 52 54 75.5 21.5 40 >150 3.5

19 27 8 19 70 51 75 24 47 >145 1.5

20 26 10 16 62 48 72 24 50 >150 3.5

24 24 10 14 58 67 75 8 12 14.5 <0.5

Note: Measured values by Showa Petroleum, Showa Chern. Ind.

I
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Table VII

Relation between [(flash point) - 2 ( softening point)]
and weather resistance

Showa Petroleum - measured value Tajima Applied Chern. - measured value

[ (flash point) - 2 (softening point)] [( flash point) - 2 (softening point rｾresistance* Over 120°C Below 120°C Total Over 120°C Below 120°C Total

Good 9 0 9 8 1 9

Bad 1 8 8 1 8 9

Total 10 8 18 9 9 18

Examination x2 = 14.4 > X o2(0.005) = 7.88 x2 = 10.9 » x 2(0.005) = 7.88
0

* Composite assessment from Table II. 0 for good, ｾ and x for bad.

Table VIII

Penetration after exposure

I
\>l
V1
I

Weather
resistance

Penetration after exposure

o (no cracks)

ｾ (few cracks)

x (many cracks)

8,9,11,12,10,11

8,10,10,8,8,11

7,5,6,8,8

(average

(average

(average

10.1)

9.2)

6.8)

Results of exposure test at Tokyo University.



Table IX

Properties of test material

Asphalt Crude oil Softening Penetration Ductility Density Paraffin Hater
producing point [25°C 100 g content* absorbency

no. area °c 5 sec] cm gjcc
% %

2 Abqaiq 100 17 2.7 1.0417 7.98 0.37

3 Qatar 97 17 2.7 1.0382 2.86 0.54

4 Abqaiq 87.5 21 3.1 1.0408 4.67 0.54

5 Agha Jari 85 21 3.2 1.0408 6.30 0.53

7 AsahIkawa 94 14 1.6 1.0465 2.44 1.34

8 It 86.5 26 3.3 1.0368 2.06 1.58

9 Arabia 102 14 2.4 1.0490 2.84 0.112

10 It 75.5 27 4.7 1.0444 7.76 0.49

13 It 97.5 17 2.6 1.0470 9.03 0.52

14 " 88.5 27 2.7 1. 0343 3.82 0.54

15 " 84.5 32 3.3 1.0306 5.67 0.53

21 K1amono 90 13 2.6 1.0492 6.24 0.35

22 (K1amono 99 15 1.7 1. ｯ ｬ ｾ Ｓ Ｑ 6.04 0.39KU1;lait

23 II 90 22 2.6 1.0382 4.42 0.49

25 Arabia 100 17 2.2 1.0440 4.46 1. 05

26 II 86 27 3.0 1.0390 7.14 0.87

27 II 81 32 3.1 1.0321 3.18 1.07

28 " 100.5 21 2.4 1.0404 7.54 0.93

* Paraffin content was by the U.O.P. method (see ref. 4 on p , 19).

I
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Table X

Durability test results

-
No. of months exposed Accelerated aging tests

outdoors*
Asphalt
number

Initial
Conductanee HE-2 C-2 C-l 51-9Cover 2/3conductance of area

method method method method

2 30 42 C!. 6.5 30 400

3 36 42 C!. 7 17 400

4 36 48 0 8 25 616

5 42 ｬｾＸ 0 8 25 400

7 12 12 x 3 22 360

8 12 12 x 6 15 240

9 12 21.j. x 6 15 360

10 42 48 m 7 27 480

13 12 24 C!. 6 22 360

14 36 42 C!. 4 30 -
15 36 48 m 8.5 30 616

21 12 12 C!. 3 15 360

22 12 12 x 4 8 180

23 30 36 x 7 30 400

25 12 24 C!. 4 20 360

26 36 36 C!. 4 23 527

27 36 1+2 m 4 27 616

28 12 24 x 4 20 300

* For outdoor exposure test method, see Part 2.

Note: Methods of determinine durability symbols and nwnbers in
Table XI are as follows:

1. Natural exposure: left-hand colurnn - no. of months at which
conductance first ､ ･ ｴ ･ ｾ ｴ ･ ､ ［ riV1t-hand column - no. of months
at which conductance found over two thirds of the test-specimen
area.

2. In vill-2, the condition of the test material after 700 hours is
shown by symbols used in Sec. 3(1).

3. In C-2 the number of cycles at which conductance first detected.
4. In C-l and 51-9C, the no. of cycles and no. of hours at which

conductance found over two thirds of the specimen area.



Table XI

Relation between natural exposure
and accelerated aging (iVE-2)

ｾ
method 0 6- x 1:

Natural
exposure

0 2 4 0 6

6- 0 2 2 4

x 0 1 4 5

z 2 7 6 15

Note: Natural exposure Ｕ ｾ years (at Tokyo Univ.)
Acceleration method 700 hours

Table XII

Type and properties of other asphalts

Asphalt Softening Ductility Soluble in
Crude oil Kind Penetration tetra-munber point °c 25°C chloride %

29 Venezuela Straight 25 60 150 + 99.47

30 Venezuela B10\'ffi 22 83 4.0 99.20

31 K1amono Straight 58 49.2 150 + 99.35

32 Niitsu Straight 14 60.5 150 + 99.19

33 Shonai (Innai) Straight 17 59.4 150 + 99.03

34 Johns Manville Co. make - 14 91.2 3.7 98.82

I
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Table XIII

Composition of compounds

Specimen Asphalt Additives

number used Kind Amount added

1 No. 18
35 - -

2 23

1 18
36 Miiro rubber 13

2 23

1 18
37 Powdered rubber 13

2 23

1 18
38 Ce1ite 6.5

2 23

1 18
39 Sunlight 6.5

2 23

1 18
40 Radio1ight 6.5

2 23

1 18
41 Po1ybutene 1.0

2 23



Tablc XIV

Alkali t-na Ls tance test r-c au l t a (eole1um hyd r-ox Lde es tur-a t ..ad solution)

-
(no. of weeks L<lapsed)

Asphalt Pc ne t re-
Changes

number
Type

tion
Ｍ Ｍ ｾ Ｍ

4 31 3U '18 61 97 110

---e---
110

Slir;htly light Front: li€tlt f":Tey Slie:htly brown Completely chocolate colour
Chocolate colour

1 St. '0 - No change Sallie eo left
t.r e ::,' Back : li@t1t. Cn,yish (whole area wrinklelll)

2 81. ｾｏ
Llf:'ht (g'ey - Front: completely li[")1t grey 1418 1421

10 - WhitIsh Same 88 If>!"t Grey br-own Light 17ey
partly br-own Back: completely grey brown 1419

) 8l. 10 - ｾｏ Whi ti8h Same 00 left Grey brown Light
Completely lie;ht Front: completely lit*t grey

grey grey Back: completely grey brown

4 8l. ｾ ｯ - )0 No change Sume .0 left Light Sar..e as left
Completely light ccmp Ie te Iy light grey

1007
grey

E:;l'ey .1418

Pr-onb s light C;rey COr.lplCltC'ly l1rnt Frvnt: Completely light grey W17
5 8l. 20 - )0 No change Sar:,C' a. left Licht grey

Back: E;:rey br-own grey llack: comp Ie t.e ly grey brown 1}10 • 1418

6 8l. 20 - 30 No change Same a e left Same a:'l If'ft SOIlIC as left Same as left Same ae left
No d.reco Icurung (8mll11
er-rnk t ea )

-- f--

7 81. 10 - 20 \'1hHish Same liR left Sll/;h1.ly brown Grey br-own Same ae left Completely light gI"'O!y all over 1418

8 81. )0 - 40 Whitish Same ae left Brown
Front: brown

Grey brown Comp Ie t.e Ly grey brown all over G420 •U
4 2 2

Back: grey brown 421 42}

9 B1. 10 - 20 No change Same ae left Light Same as left Same aa left Completely light grey all over R420 • fr224grey 1421 41}

10 B1. 20 - }O No change Same 00 left Light. grey Same 88 left Same ae left
Front: ccmp Ie t.e Ly light grey

1}10 • R224
Back: completely grey brown }1}

11 St. 40 - 60 No change Sallie as left
Slightly lient

Same ea left Sene ea left
Completely chocolate colour

(Whole area wrinkle8)
grey (small wrinkles)

12 St. )0 - 60 No change Same aa left Slip;htly brown
Sl1ehtly brown SlightlY light Completely chocolate colour

(S!n811 wrinkles)
(wrinkles) grey (ornall wr1nkle6)

13 B1. 10 - 20 No change Light grey
Complete ly light

Same 88 left Same a8 left
Front: completely light grey 1418

grey Back: completely grey brown • 1419

14 B1. 20 - '0 No change Light grey
Completely light

Same ae left Same aa left
Front: complerely light grey

1310
grey Back: completely grey brown

15 B1. '0 - 40 No change Light grey
Completely light

Same 88 left Same aa left
Front: Completely light grey l}0}

grey Back: completely grey brown 1}10

16 St. '0 - 40 No change Silme ae left Sl1f!tl.t1y brown Same as left Same aa left Sl1f!tl.tly chocolate colour all over
Same 88 left (sPl811
wrinkles)

17 St. 30 - 40 No change Same ae left Sli.!&ltly brown Grey brown Same ae left
Front: el1ghtly chocolate all over Same ae left (sPl811

Back: completely grey brown wrinklea)

18 St. 20 - '0 No change Same as ieft Grey brown Brown Same aa left
Front: slightl)' chocolate all over

Same 815 left
Back: corr.pletely grey brown

19 St. 20 - 30 No change Same ae left Same ea left Same ae left Same as left Same as left
No diacolouring ｾ Ｘ ｭ ｡ ｬ ｬ
wrinkles, uneven

20 St. 20 - '0 No change Sumo au left-
Sl1d1tly light

SOme ae left Same as left Same ae left Same ee left
r,rey

-
21 B1. 10 - 20 No change Sane 88 left

311r,htly li(jlt
I.IE"bt grey Same eu left

Front: aUght 1)' l1f!tl.t grey 1422
r,rey Back: completely light grey

22 B1. 10 - 20 No change Same ae left Grey brown
Completely grey Yellow Ochre Front: completely light grey ｾ Ｒ Ｒ Ｔ
brown strong Back: completely brown 1419 • 1315

2' Bl. 20 - }O No change Same ae left Grey brown
COfflPletelY grey Yellow ochr-e

Completely grey brown allover 1310
brown strong

24 B1. 20 - 30 No cnenge Same ee left Brown Same ae left ｾ ｾ ｾ ｉ Ｚ ｾ Ｉ brown
Completely chocolate colour all {1218 (Small wrinklea)
over (small ,"inklea) 1225

25 B1. 10 - 20 No change Light grey
Completely liE':J1.t

Same as left. Same ea left
Front: completelY l1eht grey l}10

grey Back: cOlllpletel)." grey brown · l}12

26 B1. 20 - '0 No change Light grey
Completely light

SaDlC ee left Some 88 left
Front: completely light grey 1419

grey Back: completely grey brown • 131}

27 B1. '0 - 40 No change Light grey
COlllplete ly lil!tJ.l.

Same as left Same ae left
Front: complete ly light grt!!1

1'10grey Back: coeprete tv grey brown

28 Cornpd. ( 16) No change Light grey
ccmp Ie t.e Iy lient

Same ae left Same ae left
Front: oompletely light grey 1}10

grey Back: completely grey brown • DO

Note 11 A - does not seem to have changed B - eeeee to have changed alightly C _ seems to have changed D _ seell'lB to have changed



_'11_

Table ;N

Acid r-co t ntance test results (801' sulphuric acid)

Orade chane;eo (no. of weeks elapsed)
ABphalt

Type
Peno t.r-a-

number tlon
23 29 33 37 41 46

Horizontal
Abraded from lower part,

1 St. 30 - 1'0 Same as left Same as left Same as left Same as left horizontal wrinkles,
wrinkles bulge

2 ni . 10 - 20

3 Dl. 10 - 20

4 BI. 20 - 30

5 BI. 20 - 30

6 B1. 20 - 30
Horizont.al

3aJiiC as left Same as left Same as left Same as left Same aB left
wrin)c!ea

7 B1. 10 - 20

8 B1. 30 - 110 BUlge Same left S81 1tl : DB left Saldc a8 left ｂ ｕ ｬ ｾ ･ Ｌ air bubbles Whole area bUlged, air
ar;

vertical cracks fOI'wed bubbles attaehed

9 BI. 10 - 20 fUddle part bulged Same as left

10 B1. 20 - 30 Lower part bulged
Lower part bUlged,

wrinkles

Liquid surface
11 St. 30 - 40 horizontal Same as left Same aB left

l1r1nklca

Liquid surface
12 St. 30 - 60 horizontal Same as left Same as left

wrinkles

13 BI. 10 - 20

14 B1. 20 - 30

15 81. 30 - 40

Liquid surface

16 St. 30 - 110 horizontal Sallie aa left Same aa len Same as left Same as left Abraded from rower- part
wrinkles

17 St. 30 - 40 Abrasion Same as left Same aB left Same as left Same as left Same as left

18 St. 20 - 30 Horizontal wrinkles Same aB left

1° St. 20 - 30 Abrasion Same as left Same as left Same as left SallIe Ba left Same as left

20 St. 20 - 30 Abrasion Same as left Same as left St1rTJC as left SDmc as left Same aB left

21 B1. 10 - 20

22 B1. 10 - 20 Solution entered
I'r-oru upper I'Ol't

23 BI. 20 - 30 Solution c:.>loured Same as left Same as left

Horizontal

24 B1. 20 - 30
wr-Lnk j e e, 8 J) utLon

Same as left Same BS leftcoloured V21'y

much
--1--------

25 BI. 10 - 20

26 B1. 20 - ';0

27 BI. 30 - 40
----------

28 COlllpd. (16)



Table XVI

Results of acid resistance test of compounds (80% sulphuric acid)

Changes (no. of weeks elapsed)
Asphalt

Additives Asphalt
26 32 46number 12

No.18 Cracks in Crumbled Comp Let.e collapse1 60 days
35

Cracks in Crumbled Complete collapse2 23 60 days

18 Cracks in Crumbled Complete collapse1 60 days
36

Iviiiro
rubber Cracks in Crwnbled Complete collapse2 23 60 days

18
Cracks in Crumbled Couplete collapse1
30-50 days

37
Powdered

rubber Cracks in Crumbled Convlete collapse2 23 30-70 days

18 Cracks in Crumbled Complete collapse1 60 days
38 Celite

23
Cracks in Crumbled ｃ ｯ ｮ ｾ ｬ ･ ｴ ･ collapse2 60 days

18 Cracks in
Cr-umb Le d Complete collapse1 30 days

39 Sunlight
Cracks in Crwnbled ｃ ｯ ｲ ｲ ｾ ｬ ･ ｴ ･ collapse2 23 30 days

18
Cracks in

Crumbled Complete collapse1 30 days
40 Radiol1ght

Cracks in Crumbled Complete collapse2 23 70 days

18
Cracks in Crumbled Complete collapse1 40 days

41 Polybutene
Complete collapseCracks in Crumbled2 23 45-60 days

I
ｾ

l\)

I



Table XVII

ReSUlts of acid resistance tests of other asphalts

Crude 011,
Acid, salt Changes (no. of weeks e,apsed)

Asphalt
kind andnwnber penetration Type

Concen-
13 21 34 42 60 68 ,S[ 104 112 120

tration

% Transformed,
1 H,SO. 80 upper part Compo tra.. s. Same as left Sar.e as Le ft Sa:.:e as ｬ ｃ Ｇ ｾ ｴ San.e as left

discoloured
f--

2 H2SO. 50 Transformed Compo trans. Same as left Sarr.e as left Sane as left Same as left Sa: 0 as left
f-- Venezue 1a

--
29 3 St. 25

H,SO. 12 Transformed i Same as left Same as left Sar.e as Le ft Sar.e as left San.e a s Le ft Sa-.c as left
f-- ---

4 HCl 10 comp • trans. Same as left Sar..e as Ie' ft Sa.r,e as left Sar..e as left Sa".e as left
f--

5 (NH. ),SO. 15 Transformed Compo trans. Same as left Sarr;e as left Sen.e as left Sar.e as left Sacco as left

Hazy, solu ...
I1 H.SO. 80 tion a l . dis- S1. trans. Same as left Same as left Sarie as left Same as left

coloured
I

f--

i
2 H2SO. 50 S1. trans. Ser-e as left SDr.;C as left

f-- Venezuela
I30 3 B1. 22 H2SO. 12

'---

4 HCl 10
-

0 ,(NH.),SO. 10
-'

1 H,SO. 80 Transformed COlT.p. trans. Same as left ｓ ｡ Ｒ ｾ ［ ･ as 1-=ft Sai.ie as left San.e as Le f' t
-

2 H2SO. 50 Transformed COliip. trans. Same as left ｓ ｂ ［ ［ Ｍ ｾ ･ as left Sar.ie as left Sane as left Sar.:e as left
- Klamono St.

31 3 58
H2S0. 12 Transformed Compo trans ｾ Same as left Sane as left Same as left San.e as left Saue as left

-
4 HCl 10 Transforrr.ed Compo tranB. Same as left Saele as left Same as left Sar.l[; as left Sar:e as left

-

5 (NH.), SO. 15
Transformed

Comp. trans. Sarae as left sane as left Sa.nc as left Sane as left Sar..c as 1e ft(white crys ta 1)

1 H2SO. 80 Trans formed Compo trans. Same as left Same as le ft Sane as left Sane as Left
-

2 H2SO. 50 TransforIiled Compo trans. Same as left Sa.:;:e as Ie ft Sai.:e as left Sal:1E as left Sar.c as left
- Niitau St.

32 3
14

H2SO. 12 Transformed Same as left Same as left Same as left Same as left Same as Le ft SOL:f2 as left
-

4 HCl 10 S1. trans. sa..c as Ie ft Same as left Sau,e as left San;e as left
I--

5 (NH. ),SO. 15 Co;np. trans. Same as left Saj;:f: as Le ft San;e as left Sar.e as left Same as left

1 H2SO. 80
Trans. solu-

Con.p . trans. Same as left Saz.e as left San.e as left Sarne as lefttion darkish
-

2 H2SO. 50 Transformed Comp, trans. Same as left Sarr.e as left Sarr.e as left Same as left Same as left
ｾ Shonai

33 3 (Innai) 5t. H2SO. 12 Transformed Sarr.e as left Same as left sar..e as left Sar..e as left San.e as Left Sane as left
- 17

4 HCl 10 Transformed Same as left SaLe as left Sarr:e as left Same as left Same as left
-

5 (NH. )2S0. 15 conp , trans. Same as left san,e as Left Same as left Same a 3 Left Sarne as left

1 H2SO. 80
Solution s l .

S1. trans. Same as left Sa.i.e a s Le ft Same as left Sarr.e as leftdiscoloured
I---

2 H2S0. 50 S1. trans. Same as left Same as left Same as left Same as left sane as left
I--

com)ound34 3 (14
H2SO. 12 S1. trans. Same as left Same as left Same as left Same as left Same as Le ft

I--
4 HCl 10 Surface grey Same as left San,e a s Le ft Sar:1e as left Same as left Same as left

I---

5 (NH. ),SO. 15 S1. trans. Same as left Same as left Same as left Same as left Sallie as left

i

NOTE: Compo trans •• completely transformed; 51. trans •• slightly transformed; Trans .• transformed

\ ...,
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Table XVIII

Physical properties of sand

Grain size distribution

Mesh size
(rrun)

1.2

0.6

0.3

0.15

o

Percent of
grains passed

100

78

24

2

o

Weight per unit volume

1. 750 kg/l

Density 2.76

Absorbency 0.5%
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Table XIX

Changes in external appearance of asphalt coatings
on alurniniwn panel

No. 20 cycles 40 cycles 60 cycles on

1 3 Lost some gloss, had some Most of pits disappeared, Same as left4 pits 0.5 - 1.0 mm some unevenness

2 3 Lost some gloss but no Same as left Same as left4 change

3 3 Same as above Same as above Same as above4

4 3 Same as above Same as above Same as above4

5 3 Same as above Same as above Same as above4

3 Lost no gloss, some shal- Returned to al-
6 4 low pits 0.5 mID diameter

Most of pits disappeared most smooth
surface

7 3 No change Same as left Same as left4

8 3 Same as above Same as left Same as above4

9 3 Same as above Same as left Same as above4

10 3 Same as above No change Same as left4

11 3 Lost a little gloss, a Pits disappeared, become Same as left4 very few small pits smooth surface

12 3 Same as above (pits very Pits disappeared, same aa Same as left4 fe", ) above

13 3 No change No change Same as left4

3
Lost some gloss, pits of Pita disappeared but14 4 0.5 - 0.1 mID diameter,

still uneven Somewhat smooth
average 5 for 1 cm2

Continued



Table XIX - continued

No. 20 cycles 40 cycles 60 cycles on

3
Lost some closs, pits of

15 1: 0.5 - 9.8 ｾ ｭ diameter, Same as above Same as above
average 9 for 1 cm:2

3
Poor in ･ ｶ ｡ ｰ ｯ ｲ ｡ ｴ ｩ ｮ ｾ wat.er , Lost some pits, smooth

16 many pits 0.3 - 0.8 mm Somewhat smooth4
diameter, lost no gloss

but s ome unevenness

3
Lost no gloss, evaporat-

17
ｌｾ

ing "later good, but some Somewhat; smooth Same as left
pits 0.3 - 0.8 rnm diam.

3
Evaporating "later good, Lost smoothness but sur-18

ｉｾ
many pits 0.2 - 0.5 mrn face level Somewhat smooth
no change in gloss

3
Evaporating water good, Almost smooth, surface

19 4 pits very few, no change resembles o time Same as left
in gloss

20 3 Hany pits 0.3 - 0.5 rrun, Unevenness remains but Smooth4 lost no gloss smooth

21 3 No change Same as left Same as left4

22 3 Same as above Same as above Same as above4

23 3 Same as above Same as above Same as above4

3
Lost no glOSS but big Pits become somewhat24

4 pits (0. - 1.2 mw/cm:2 smooth Same as left
average 20)

25 3 Lost some gloss but no Same as left Same as left4 change

26 3 No change No change No change4

27 3 Same as above Same as above Same as above4

28 3 Same as above Same as above Same as above
ｉ ｾ



Table XX

Changes in weight of asphalt due to repeated
freezing and thawing (%)

No. 20 40 140 No. 20 40 140
cycles cycles cycles cycles cycles cycles

1 +1.53 :to -1.02 15 +1.86 +0.16 -0.05

2 +1.54 +0.32 +0.13 16 +1.03 +0.47 -0.09

3 +1.55 +0.38 +0.20 17 +1.56 +0.28 -0.07

4 +2.02 -0.51 -0.65 18 +1.57 +0.22 -0.18

5 +1.47 :to -0.12 19 +1.04 to -0.11

6 +1.01 :to -0.25 20 +1.03 +0.05 -0.14

7 +0.90 -0.59 -0.75 21 +1.54 +0.25 +0.05

8 +1.56 :to -0.21 22 +0.54 +0.22 :to
9 +1.46 :to -0.23 23 +1.10 -0.18 -<:>.24

10 +1.04 +0.42 -0.58 24 +1.60 +0.59 +0.25

11 +1.01 +0.02 -0.35 25 +0.92 :to -0.38

12 +1.51 +0.06 :to 26 +1.64 +0.20 -0.12

13 +1.99 +0.27 +0.09 27 +1.65 :to -0.19

14 +1.46 -0.20 -0.44 28 +2.01 +0.39 to



Table XXI

Changes in penetration of asphalt mortar due to
repeated freezing and thawing

100
No. 0 20 40 60 80

100 % Difference

0 232 230 228 227 225 223 96.12 9

1 III 110 110 108 107 104 93.69 7

2 26.3 26.1 25.5 24.8 24.0 21 79.84 5.3

3 24.5 24.0 23.0 21.0 18.5 14.5 59.18 10.0

4 30.5 30.0 29.0 28.0 27.5 26.5 86.88 4.0

5 37.0 36.5 35.0 35.0 34.4 32.5 87.83 4.5

6 63.0 62.4 61.0 59.5 58.0 56.0 88.88 7.0

7 19.0 19:0 18.4 18.3 18.0 17.5 92.10 1.5

8 43.0 41.5 40.2 39.0 37.7 36.8 85.58 6.2

9 22.4 21.7 21.0 20.4 19.2 17.4 77.67 5.0

10 50.0 49.5 48.6 1.+7.5 45.4 44.5 89.00 5.5

11 111.5 110 106 102.7 99.4 97.5 87.44 14.0

12 127.0 125.4 124.0 121.5 117 111.3 87.63 15.7

13 23.0 22.7 22.0 19.5 186 17.5 76.00 5.5

14 36.4 36.0 35.0 35.0 33.0 29.4 69.67 7.4

15 53.0 52.6 52.0 51.4 50.0 47.2 89.05 5.8

16 108.3 107.7 107.3 106.3 105.0 102.7 94.82 5.6

17 67.7 82.3 77.3 87.0 91.9 86.9 128.36 +19.2

18 68.2 67.5 66.4 64.5 62.5 59.0 86.51 9.2

19 64.7 63.8 62.5 68.0 57.0 52.0 80.37 17.7

20 118.0 117.6 117.0 115.0 113.5 111.2 94.23 6.8

21 16.5 15.5 15.4 14.0 12.6 11. 0 67.48 5.5

22 27.0 26.5 26.3 25.6 24.3 23.0 85.18 4.0

23 35.5 35.0 34.2 33.0 31.5 30.0 84.50 5.5

24 108.1 68.0 96.5 90.7 100 91.8 84.92 16.3

25 22.1 21.6 21.5 21.0 19.0 16.0 72.39 6.1

26 35.3 34.0 32.2 28.3 27.5 25.4 71.95 9.9

27 48.0 47.8 47.5 47.0 41.0 45.4 94.58 2.6

28 25.0 24.8 24.5 23.7 22.0 20.5 82.00 4.5



Table XXII

Changes in cohesiveness of asphalt mortar specimens
due to repeated freezing and thawing

C1assifi-
Sorten- o cycles 20 cycles 40 cycles 60 cycles 80 cycles 100 cycles

No. cation Penetra-
inf point Cohe-penetra- tion

°C) siveness Cohe-
% Cohe- % Cohe- % Cohe-

% Cohe-
%tion class siveness siveness siveness siveness s1veness

0 S 100 - 150 140+ - 21.7 25 90.3 18.7 67.5 15.3 55.2 12.7 45.8 11.3 40.8
1 S 30 - 40 25 52 21 16.7 79.5 15.3 72.8 14.3 68.1 13.3 63.3 10.7 50.9
2 B 10 - 20 17 100 15.3 15 98.0 I} 85.0 12 78.4 10 65.4 8.7 56.9
3 B 10 - 20 14 96 21.7 19 87.6 14.3 65.9 14 64.5 11.7 53.9 11.3 52.1
4 B 20 - 30 24 85 19 18.7 98.4 16.7 87.9 14 73.7 9.7 51.1 9 47.4
5 B 20 - 30 22 79 16.7 15.3 91.6 13.3 79.6 13.} 79.6 11 65.9 11.3 67.7
6 S 20 - 30 14 55 14.7 14.3 97.3 12 81.6 12.3 83.7 12.3 83.7 10.7 72.8
7 B 10 - 20 15 93 12.3 12 97.6 9.7 78.9 9.7 78.9 8.7 70.7 7 56.9
8 B 30 - 40 33 79 10.3 8.7 84.5 7.3 70.9 5.7 55.3 5.7 55.3 5 /t8.5
9 B 10 - 20 15 103 8 7.7 96.3 6 75.0 6 . 75.0 6 75.0 5.3 66.3

10 B 20 - 30 27 77 29 25.7 88.6 23.3 80.3 22 75.9 22 75.9 21.7 74.8
11 S 40 - 60 35 46 21 20.7 90.6 17 .7 84.3 15.7 74.7 14 66.7 11.7 55.7
12 S 30 - 60 35 56 24 20.3 84.6 19.7 82.1 17.7 73.7 16.7 69.6 16.7 69.6
13 B 10 - 20 15 104 14.7 13.3 90.5 13 88.4 12.3 83.7 11 74.8 10.3 "!O .1
14 B 20 - 30 24 90 15.3 14 91.5 12.7 83.0 12 78.4 11. 7 76.5 8.3 54.2
15 B 30 - 40 34 79 17 .7 13 73.4 12.3 69.5 10.3 58.2 9.7 54.8 8.3 46.9
16 S 30 - 40 27 48 20.3 18.7 92.1 16 78.8 14.3 70.4 14 69.0 12.7 62.6
17 S 30 - 40 18 58 21 21 100 19 90.5 17.3 82.4 14.3 68.1 12.3 58.6
18 S 20 - 30 15 54 18 16.3 90.6 14.7 81.7 15 83.3 13 72.2 9.3 51. 7
19 S 20 - 30 11 51 13.7 12.3 89.8 11.7 85.4 10.3 75.2 10.3 ,5.2 8.7 63.5
20 S 20 - 30 24 48 20.3 19.3 95.1 18 88.7 17.7 87.2 16.7 82.3 15.3 75.4
21 B 10 - 20 12 81 20.7 18.3 88.4 15.7 75.8 15.3 73.9 13.3 64.3 10.7 51.7
22 B 10 - 20 15 97 Ｑｌｾ 12 85.7 10 71.4 8.7 62.1 7.7 55.0 6.7 47.9
23 B 20 - 30 24 90 15.7 12 76.4 11 70.1 7.7 49.0 8.3 52.9 7.3 46.5
24 S 10 - 20 23 67 15.7 14.3 91.1 14.3 91.1 13.7 87.3 14 89.2 12 76.4
25 B 10 - 20 18 100 13.5 12.3 91.1 12 88.9 11.7 86.7 9 66.7 8.3 61.5
26 B 20 - 30 26 80 13.3 10.3 77.4 10.3 77.4 9 67.7 8 60.1 8 60.1
27 B 30 - 40 32 90 21 16.7 79.5 14.7 70.0 13.7 65.2 11.3 53.8 9 42.8
28 Oompd , 16 103 11 10.5 95.5 9 81.8 6.3 57.3 6.9 57.3 5 45.5

I
ｾ

\D
I
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Table XXIII

No. of cycles of freezing and thawing
and change in average penetration

Type Penetration Penetration Decrease in Decreasing ratio
at 0 cycles at 100 cycles penetration of penetration

Straight 99.4 92.8 6.6 93.4
Blown 37.6 31.1 6.5 82.7

o no cracks 6 few
(uneven) cracks

Fig. 1

x many
cracks

Natural exposure test results for blown ｡ ｳ ｾ ｨ ｡ ｬ ｴ

(Tokyo Univ. - after 5 years 5 months)

Exposed Small Coarse
foundation wrinkles wrinkles

Fig. 2

Natural exposure test results for straight asphalt
(Tokyo Univ. - after 5 years 5 months)
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Crude oil, softening point and weather resistance
(Results represent a composite assessment,

measured values by Showa Petroleum)
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Softening point, flash point and weather resistance
(Results represent composite assessment,
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Change in penetration and softening point due to
natural exposure (Tokyo University)

(Measured values by Showa Petroleum, Showa Chern. Ind.)
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Ductility and durability
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Density and durability

I-Liquid paraffin, 2-Test tubes
3-Calcium hydroxide solution, 4-Acid solution
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Acid resistance alkali resistance test

Fig. 17 - omitted from original
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Cohesiveness after 0 and 100 cycles
of freezing and thawing
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Penetration and cohesiveness after 0 and 100
cycles of freezing and thawing
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Penetration and cohesiveness after 0 and 100
cycles of freezing and thawing
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Softening point and cohesiveness after 0 and 100
cycles of freezing and thawing


